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D e t a i l e d  geochemical and m i n e r a l o g i c a l  s t u d i e s  [ l - 5 1  o f  sediments across 
t h e  K/T boundary a t  Stevns K l i n t ,  K a r l s t r u p ,  Nye Klov,  Dania, and K j o l b y  
Gaard i n  Denmark, a t  Limhamn i n  Sweden, a t  Caravaca i n  Spain, a t  Waipara and 
Woodside Creek i n  New Zealand, a t  T r i n i d a d  i n  Colorado, and a t  v a r i o u s  s i t e s  
i n  Montana, have induced t h e  f o l l o w i n g  conc lus ions  and r e f l e c t i o n s :  

F i r s t ,  t h e  mar ine K/T  boundary c l a y s ,  t h a t  I have s tud ied ,  a r e  d e f i n i t e l y  
n o t  f a l l o u t  l a y e r s ,  and i t  i s  ques t ionab le  (see below) whether they  c o n t a i n  
even a minor  f r a c t i o n  of  f a l l o u t  m a t e r i a l .  Instead,  t h e  c l a s t i c  f r a c t i o n  o f  
t h e  c l a y s  i s  made up o f  l o c a l l y  der ived,  water - t ranspor ted  m a t e r i a l .  Metal  
enr ichments a r e  assoc ia ted  w i t h  d i f f e r e n t  k inds  o f  b i o g e n i c  and a u t h i g e n i c  
phases, and t h e r e  a r e  s t r o n g  arguments t h a t  t h e  meta ls  have p r e c i p i t a t e d  f rom 
sea water .  The anomalous osmium i s o t o p e  r a t i o s  i n  t h e  c l a y s  [6-71 may be ex- 
p l a i n e d  by d i f f e r e n t  Os- isotope composi t ion o f  sea water  d u r i n g  K/T  boundary 
t i m e  than a t  present .  For example, v a p o r i s a t i o n  o f  a l a r g e ,  w a t e r - r i c h  a s t e r -  
o i d  i n  connect ion  w i t h  an oceanic  impact c o u l d  have l e d  t o  s u b s t a n t i a l  
changes i n  t h e  noble-metal  composi t ion o f  sea water .  A c h o n d r i t i c  a s t e r o i d ,  
10 km i n  diameter,  c o n t a i n s  400 t imes more Ir than t h e  e n t i r e  p r e s e n t  ocean 
[8].  A1 t e r n a t i v e l y ,  sea-water composi t ion c o u l d  have been a f f e c t e d  by abun- 
dant  mant le-emiss ion o f  v o l a t i l e  nob le  meta ls  [9]. 

A t  most o f  t h e  mar ine s i t e s  t h a t  I have s tud ied ,  t h e r e  i s  a l i t h o l o g i c a l  
s h i f t  p r e c i s e l y  a t  t h e  K/T  boundary. I n  New Zealand, as  w e l l  as i n  Denmark 
t h e  lowermost T e r t i a r y  sediments were depos i ted  i n  s u b s t a n t i a l l y  s h a l l o w e r  
water  than t h e  uppermost M a a s t r i c h t i a n  sediments [e.g. l o ] .  I n  Denmark t h e  
evidence i s  s t r o n g  t h a t  t h e  boundary c l a y s  depos i ted  i n  p r e c i s e  connect ion  
w i t h  a dramat ic ,  c u l m i n a t i n g  phase o f  t h e  end-Cretaceous sea- leve l  f a l l .  
Poss ib ly ,  near-shore m a t e r i a l  was t r a n s p o r t e d  by s t r o n g  r e g r e s s i v e  streams 
t h e  deeper p a r t s  o f  t h e  ocean. S i m i l a r  processes work ing on a g l o b a l  s c a l e  
c o u l d  e x p l a i n  t h e  occurrence o f  a l a y e r  o f  l o c a l l y  d e r i v e d  c l a y  a t  t h e  mar 

t o  

ne 
K/T  boundary a l l  o v e r  t h e  wor ld .  T h i s  c o u l d  a l s o  e x p l a i n  why t h e  K/T  boundary 
i s  c h a r a c t e r i z e d  by a h i a t u s  and n o t  a c l a y  l a y e r  i n  909. o f  t h e  wor ldwide 
d i s t r i b u t e d  sediment sequences t h a t  span t h e  K/T  boundary [ll]. 

due t o  r e g r e s s i v e  water  movements and n o t  due t o  f a l l o u t  o f  atmospher ic dus t ,  
t h e r e  i s ,  on t h e  o t h e r  hand, e q u a l l y  s t r o n g  evidence t h a t  t h e  c o n t i n e n t a l  
K / T  boundary l a y e r  i n  western U.S.  formed due t o  f a l l o u t  o f  a s t e r o i d a l  impact  
e j e c t a .  The c o n t i n e n t a l  boundary c l a y  c o n t a i n s  t y p i c a l l y  1 t o  20 ppb Ir and 
a q u a r t z  f r a c t i o n  w i t h  about 25', shocked g r a i n s  [e.g. 121; bo th  f a c t s  a r e  i n  
e x c e l l e n t  agreement w i t h  an i m p a c t - r e l a t e d  o r i g i n  o f  t h e  l a y e r ,  However, t h e  
c o n t i n e n t a l  boundary c l a y  i s  r a t h e r  t h i n ,  and G. I z e t t ,  who has made t h e  per-  
haps most d e t a i l e d  s t u d i e s  o f  t h e  l a y e r ,  argues c o n v i n c i n g l y  t h a t  i t  formed 
i n  connect ion  w i t h  a minor  impact, l e a d i n g  t o  t h e  excavat ion  o f  t h e  Manson 
C r a t e r  (33 km i n  d iameter )  i n  Iowa [13]. I t  i s  d i f f i c u l t  t o  see how such a 
minor  impact event  c o u l d  l e a d  t o  wor ldwide e x t i n c t i o n s ,  g l o b a l  sea- leve l  f a l l  
and d e p o s i t i o n  o f  d e c i m e t r e - t h i c k  c l a y  l a y e r s  i n  t h e  mar ine environment.  

quar tz  g r a i n s  (0 -2  p a r t s  per  thousand o f  t o t a l  q u a r t z  f r a c t i o n  [13]) ,  t h a t  
have been found i n  t h e  v e r y  I r - r i c h  mar ine K/T boundary c l a y s  (Denmark, Spain, 
and New Zealand) represent  s i g n i f i c a n t  enhancements compared t o  background, 
then t h e  mar ine c lays ,  most l i k e l y ,  formed synchronously w i t h  t h e  c o n t i n e n t a l  
c l a y s .  However, accept ing  t h i s ,  we must a l s o  accept  t h e  seemingly u n l i k e l y  

Whereas t h e  evidence i s  s t r o n g  t h a t  t h e  mar ine K/T boundary c l a y s  formed 

To me i t  seems as i f  t h e r e  a r e  two p o s s i b i l i t i e s :  ( 1 )  I f  t h e  r a r e  shocked 
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circumstance t h a t  an asteroid,  i n  one way o r  another, can t r i g g e r  global  sea- 
l e v e l  f a l l .  (2)  If, on the other  hand, the few shocked grains r e f l e c t  t y p i c a l  
background values, then the Ir enrichments i n  the very I r - r i c h  marine K/T 
boundary c lays are, p r imar i l y ,  on l y  r e l a t e d  t o  the metal-absorbing a lga l  
matter t h a t  occurs i n  abundance i n  the basal pa r t s  o f  the clays, and t o  anom- 
alous noble-metal concentrat ions i n  K/T boundary sea water. The event(s), 
astero ida l  o r  volcanic, which l e d  t o  enhanced concentrat ions o f  some noble 
metals i n  sea water, may have occurred a t  some t ime (weeks t o  several hundred 
thousand years) before the deposi t ion o f  the marine K/T boundary clays, and 
may no t  necessar i ly  be r e l a t e d  t o  the late-Cretaceous regression w i t h  accom- 
panying ext inct ions.  
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